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Model considerations on physico-chemical nature
of protein-nucleic acid contacts through amino acid
carboxylic groups: spectroscopic data
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This paper generalizes the results of a series of the works on spectroscopic (IR, UV, NMR, Raman)
investigations of complexes of nucleotide bases, their numerous methyl and glyeosyl derivatives with amino
acid carboxylic groups modelling point protein-nucleic acid contacts. The specificity of interactions between
bases and two forms of carboxylic group — neutral and deprotonated — was determined. The structures of
the complexes investigated were established, and the role of various atomic groups in their formation was
elucidated as well. Special consideration has been given to the frequent occurrence of proton transfer in
the studied complexes. The significance of the data obtained in understanding of elementury mechanisms
of protein-nucleic acid interactions is discussed.

Although the number of investigations on structures
of protein-nucleic acid complexes by X-ray {1—61
and NMR spectiroscopy [4—9] is continuously in-
creasing, not in every case it is possible to distinguish
unambiguously the fine architecture of point protein-
nucleic acid contacts. Therefore, the study on ele-
menlary mechanisms of protein-nucleic acid recog-
nition in more simple model systems [10—22] re-
mains aciual,

In the present brief survey we try 1o gencralize
the main physico-chemical features of inlcractions in
the complexes modelling recognition of nucleotide
bases, their nuclcosides and a variety of their methyl
derivatives by carboxylic groups of Asp and Glu in
DMSO. The use of DMSO as a solvent allows us to
observe rather stropg interaclions which exceed its
tnteractions with the bases and amino acid carboxylic
groups. The systematic studies of these complexes
were conducted by means of UV, IR and NMR
spectroscopies over the last few years [23—311].
Interpretations of the resulis were supported by the
model semicmpirical quantum-mechanical calcunlations
[32].
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Among non-substituted nucleotide bases and nuc-
leosides only Cyt, wcakly interacting with depro-
tonated carboxylic group (carboxylate-ion), was sho-
wn to form the strong complex with neutral carboxylic
group through two H-bonds involving N3 atom and
amino group or N1H and C=0 groups (according to
the AMI1 calculations [32} the latter scheme is
prevailing) (Fig. 1). The results of IR and Raman
investigations of solid state complexes of cytosine and
amino acid carboxylic groups [23, 28], as well as '’C
NMR study in DMSO [25] evidence the prolon
transfer from carboxylic group to the basc along the
OH...N3 bond. Morcover, it was shown that in the
triple complex f-Asp:Cyt:m’Gua amino acid carboxylic
group, binding to Cyt, loosens H-bonds inside the
base pair.

Quite the contrary, the other bases and nuc-
leosides form specific complexes with carboxylate-ion,
their interactions with neutral carboxylic group were
not observed. Nevertheless, such interactions may be
realized in less polar environment |33 ] in which the
solvatation of the ligands is lower.

It was demonstrated that imino and amino groups
of the bases have a dominant role in formation of
their complexes with carboxylate-ion. The mono-
methylation of Gua and Ade amino groups doesn’t
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change the character of interaction with carboxylate-
ton, increasing # considcrably. To the point, the
significant role of inversion and anisotropic rotation of
the nucleotide bases’ aming groups in DNA structure
and fuctioning is discussed in the papers [34--381].
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Fig. 1. Schemes of the complexes of: cytosine, |-methylcytosine.
S-methylcytosine, 1,5-dinethyleytosine {a, &, cyiidine, deoxy-
cytidine, 5-methyldeoxycytidine (¢) with neutral carboxylic group;
cytosine, S-methyicyiosine {d), cytidine, deoxycytidine, 5-methyl-
deoxycytidine (¢} with carboxylate-ion. Hercinaficr abbreviations
are R =H, CHj; rib(drib) = ribose {deoxyribose)
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Carhoxylate-ion forms highly specific complex
with m*Gua and G through two H-bonds involving the
N1H imino and N2H amino groups, Ade — N6H
amino and N7H imino groups [39] (the N9H —» N7H
tautomeric transition of Ade complexed with car-
boxylate-ion was borne out by the guantum-chemical
calculations {32], Hyp — NIH and/or N9H imino
groups, I — N1H imino group, X and m°Xan — N3H
imino groups, Xan — N3H and N9H imino groups,
m*Xan — N9H imino group (the N7H - N9H tau-
tomeric transition of Xan and m’Xan complexed with
carboxylate-ion was confirmed by quantum-chemical
simulations {321, Ura and Thy — N1H and/or N3H
imino groups, U and T — N3H imino groups (Fig. 2).
The determining role of bases’ imino group as proion
donor under H-bonded complex formation with carbo-
xylate-ion is demonstrated by complete suppression of
interactions with methylated at imino groups m'G,
m'l, m,'”Ura, m,"’Gua, m’Ade, as well as by no-
ticcable weakening the interaction of m'Cyt with
carboxylic group and m'Ura, m’Ura, m'Thy with
carboxylate-ion

The methylation of pyrimidine bases at the C§5
position does not change the schemes of interactions
in the complexes formed, the stability of the com-
plexes of m’Cyt and m,'’Cyt with carboxylic group
being significantly increased as compared to Cyt and
m'Cyt [27).

In general, almost all substitutions of the bases
which don’l involve the essential distortions of their
rings retain specificity as to binding with neutral and
deprotonated carboxylic group. To the contrary, me-
thylations of the bases which change cardinally the
ring structure (the N1 and N3 positions of Ade,
N3 — Gua, N3 — Cyt, N7 — purine nucleosides) ca-
use alterations of types of the complexes formed (Fig.
3 and, as a rule, the reversion of the specific
interactions with two forms of carboxylic group.

It might be well to point out the involvement of
the C8H protons of m’I, m’X, and the C6H protons
of pyrimidine bases in weak H-bonding with carbo-
xylate-ion [30).

Carboxylate-ion was shown to interact with the
0O2'H, O3 H and O5'H glycosylic hydroxyls of nuc-
leosides [40]. In the case of ribosides it forms two
cooperative H-bonds with O'2H and O3'H groups. It
should be noted that ribose (deoxyribose) and the
base of nucleosides affect mutually their interactions
with carboxylate-ion.

The obtained set of physico-chemical features of
point protein-nucleic acid contacts is consistent with
X-ray and NMR data concerning detailed architecture
of nucleic acids complexes with various enzymes,
regulatory proteins and drugs of peptidic nature and
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Fig. 2. Schemes of the complexes of: adenine, 6-methyladenine (@), 9-methylguanine, 2,9-dimethylguanine, guanosine, deoxyguanosine,
2-methylguanosine (), hypoxanthine (¢), inosine, deoxyinosine {d), xanthine (), 9-methylxanthine, xanthosine (f}, vracil, thymine (g),
uridine, deoxyuridine, thymidine, ribothymidine (A} with carboxylate-ion
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Fig. 3. Schemes of the complexes of: isocytosine (@}, 3-methylguanine (f), 7-methylinosine (g}, 7-methylxanthosine (), 7-methylgua
(%), isoguanine ({) with carboxylate-ton; isocytosine (&), i-methyladenine, 1-methyladenosine {c), 3-methyladenine (¢}, 3-methylguanir
7-methylinosine (&), 7-methylguanosine (), isoguanine (m) with neutral carboxylic group
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could be applied to refincment of their structures and
functioning. These data may be of use for design of
biologically active substances of peptidic or nucleotide
nature with aimed actions and understanding their
therapeutic effects. There is the information on the
participation of neutral and deprotonated forms of
carboxylic group of Asp and Giu in formation of real
protein-nucleic acid complexes. To cite examples, the
complexes of 3- and 7-alkyl purinc bases with repa-
ration cnzymes [41, 42 ], glutaminyvl-tRNA synthetase
with t(RNAY" {43, 44, seryl-tRNA synthetase with
tRNA® |45, 46 |, ribonuclease T, with 2'-GMP [47],
RNA with the coat protein in TMV [48], DNA with
the glucocorticoid receptor [49], Hhal DNA cytosine-
S-methyltrasferase with its target cytosine and cofac-
tor |50, mutalion of Asn — Asp in thymidylate
synthase converting the enzyme to a deoxycytidylate
methylase [81), and others.

The most prominent feature of the complexes
studiecd is a very comaion occurrence of proton
transfer (311, The protonation of hases on account of
carboxylic group has been proved for Cyt, m°Cyt,
m'Ade, m’Ade, m'A, m’G (A form) and m’l. The
proton transfer from bases to carboxylate-ion was
observed in the complexes of m’Cyi, mGua, m’'G (B
form), Hyp, Xan, m®Xan and X with deprotonated
carboxylic group. There are some indications that
Ura, Thy, isoGua, isoCyt are deprotonated in the
complexes with carboxylate-ion.

Up-to-date physico-chemical biology atiaches a
great imporilance {0 proton transfer processes [52—
54, which determine dynamic aspects of inferactions
between biopolymers, especially in nucleoproteid coni-
plexes.

[{ might be worth painting that proion transfer
processes determined by two well structurc of the
H-bond potentials are substantially nonlinear and
environmental dependent. The proton polarizability of
such H-bonds (ability of shifting along the H-bonds)
may exceed electron polarizability by two orders [55]
and increases while chains of H-bonds are formed
because of collective motion of protons [56]). There is
an idea, that chains of H-bonds with such potentials
in real biopolymers and their complexes may be one
of the causative factors of their non-linear dynamics
and the possible routes for the signals of long-range
control of biochemical reactions. It is the complexcs
investigated that give an impetus to conformational
transitions and biochemical transformations at long
distances.

Much part of the work was sponsored by the ISF
(grant KIF100Y.

MODEL OF PROTEIN-NUCLEIC ACHY CONTACTS

C. f1. Camiunenxo, 1. M. Konomicus, 1. B. Kondpamwk,
A. B. Cmenaniocun

Pizvro-xiMiuHa TPHUPORA MOREALHMX DIAKOBO-HYKNETHOBMX
KOHTAKTIB Yepes kaploKcHAbHY rpyny amMinOKHCAOT:
CNEKTPOCKONiUK] fawi

Pearome

VaazansHeno pesyremamu cepil pobim chekmpockonivhoeo (1Y,
Vb, SMP, Paman) OocalOxenns KOMRIEKCIE HYKACOMUEORUX OC-
HOB MA FXNIX YUCACHRUX MEHUA- M cAIKOSUAROXIDLN 1 Kaphok-
CUABHOK 2PYNOID AMIHOKUCAORY, 10O MOOen0iombs Moukosi 6iako6o-
HyKRetHO8i  konmoxmu. Bemanodaeno cneylupinicns  asgemodit
ocHod 3 daoma hopmami KapBOKCUABHOT ¢PYRU — HEIMPAILHND
ma denpomonosuiiorn. BusHareHo cmpPyKInypy O0CaidXysanux KoMm-
nAeKclG, ¢ MakoX 3 ACOBAHG PONb PIZHUX AMOMHUX CPYR OCHOG Y
ixnpoMy @opmysannl. (Qcobaugy ysacy RPUGEDIAC NOWNpEHICHIL
AGUM NEPCHECERHA NPOMONHG 8 docaidxenux xomnaexcex. (b080-
PIOCIGCR  3HOMEHHR OMPUMUHKX  Peayibmanic O0as po3yMinnsg
EREMEHMUPHIX MEXAHIIMIG BIAKOBO-HYKAETHOBUX B3aemOdil.

C. A Camoiinenxo, H. H. Konomuey, H. B. Kondpumwx,
A. B. CmenagHwocun

DHIHKO-XUMHYECKAT HPHPOUA MOACHBHLIX OEAKORD-HYKICHHOBHIX
KOHTAKTOS Heped KapOOXCHABHYI) MPYINY AMMHOKACHOL
CMEXTPOCKOMHUECKHE MaHHbIC

Peawome

Obobujenst pesyromamsr cepuu cnexmpockomupieckoco (HK, Y,
HMP, Paman} uccreldpdahun KOMHIACKCO8 HYKACOMUOHBIX OCHOGH-
HUO N WX MHOZOUUCACHHBX MEMWI- U ZANKOSUANDOUIBOOHbIX ¢
KaPOOKCUALHOR SPYRNOT UMUNOKUCAOM, MOOSTUDYIOUWHX MOHEUHbIE
BERKOAO-HYKNCUROANE KOHMAKMBL Y Cmanodnena cnequguanocms
GIAUMOTEUCHNBUR OCHOBAHIE ¢ Od8ymn (Gopmamu KapBOXCURbHOL
zpynns. Onpedenena cMpyKmypa uccredosSaHHbX KOMIAEKOS8, d
MAKKE BLIACHENA PONb PUAIHLIX QFGAMHBIX 2PYNR OCHOGAHWE 8 WX
obpazocanui. Ocoboe erumanue obpauaem na cebft pacnpocmpd-
HEMHOCHLL AGACHUA REPEHOCA MPOMOHA 6 UCCREODBUHHBIX KOMNAEK-
cax. OOCyKOQeMCa IHGHCHUE ROAYHCHNGIX PEIVALMANIOS Onft NOHN-
MOAHES ARCMOHMADHBIX MEXAMUIMOG DENKOBO-HYKACHHOGBIX G3ait-

_Modeiicment.
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